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(54) Scanning lens arrangement 
having three lenses 

(57) A scanning lens arrangement 
having three feestanding lenses of 
which the first lens (1), in the 
direction of the beam impinging on 
the scanning surface (5), is a 
positive lens, the second (2) is a 
meniscus lens which is concave 
towards the first lens, and the third 
(3) is a positive lens whose surface 
(r6) which is towards the scanning 
surface is concave or planar. The 
lens arrangement according to the 
invention is distinguished in that 
the ratios of the focal length f 1 of 
the first lens to the overall focal 
length f of the lens arrangement 
and the focal length f 3 of the third 
lens lie in a range whose corner 
points are defined by the following 



pairs of values (f 1 /f; f 1 /f3): 

(1.570; 1.270ML870; 1 295) 
(1.725; 1.450)-(1.930; 1.495) 

or 

(1.550; 1.080)-(1.680; 1.120) 
(1.580; 1.200M1.700; 1.240) 

and that the air gaps d2 between 
the first and second lenses and d4 
between the second and third 
lenses comply with the following 
relationships: 


0.065< (d2 + d4)/fc£0. 1 20 
0.85 < d2/d4 <5.0 
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SPECIFICATION 

Scanning lens arrangement having three lenses 

5 The invention relates to a scanning lens arrangement having three freestanding lenses, in 5 
accordance with the classifying portion of claims 1 and 2 respectively. 

Scanning lens arrangement which are used at the present time in video disc players, 
'Compactdisc (CD)' players or optical storage systems have four or more lenses. However, for 
reasons of cost it would be desirable to use scanning lens arrangements having only three 
10 lenses. " 10 

Proposals for scanning lens arrangements having only three lenses are disclosed in German 
laid-open applications (DE-OS) Nos 25 32 787, 27 03 823, 28 48 685, 29 25 737 and 31 
34 001. 

In the case of the scanning lens arrangements disclosed in DE-OS Nos 25 32 787 and 29 25 
15 737, the first and second lenses, in the direction of the beam which impinges on the scanning 1 5 
surface (storage medium) are cemented together. As a cemented member of that kind is 
comparatively expensive, lens arrangements of that kind give only small savings in cost, in 
comparison with scanning lens arrangements having four freestanding lenses. 
Scanning lens arrangements having three' freestanding lenses, in accordance with the 
20 classifying portion of claims 1 and 2 respectively, are known from the other publications 20 
referred to above. 

In the case of the scanning lens arrangements disclosed in DE-OS Nos 27 03 823 and 28 48 
685, the order of magnitude of the air gap between the second and third lenses (as considered 
in the direction of the scanning beam which impinges on the scanning surface) is about 0.7 to 

25 1 .0 times the focal length of the lens arrangement and is therefore comparatively large. 25 
Although that provides the desired good correction in respect of image defects and in particular 
astigmatism, the intercept length of the lens arrangement is not as large as would be desirable 
in some situations of use. 

In the lens arrangement disclosed in DE-OS Nol 31 34 001, the air gap between the second 

30 and third lenses is smaller than in the lens arrangements discussed above. However, image 30 
defects, in particular astigmatism, are not corrected in the manner that is often required, in that 
lens arrangement. 

The invention is based on the problem of providing a scanning lens arrangement which is 
inexpensive to produce and which, with a large intercept length, has good image defect 

35 correction. 35 
In accordance with the invention, that problem is solved in that the basic starting point is a 
scanning lens arrangement as set forth in the classifying portion of claims 1 and 2 respectively, 
and the conditions recited in accordance with the invention inthe characterising portions of 
claims 1 and 2 respectively are fulfilled. By virtue of combining the conditions in accordance 

40 with the invention, the invention provides that, in a scanning lens arrangement with three 40 
freestanding lenses, it is possible to have small air gaps and thus a large intercept length, with 
excellent image defect correction. In particular, spherical aberration and coma of the third. and 
fifth orders are corrected. Astigmatism is also corrected in the manner required by the situations 
of use of a scanning lens arrangement. 

45 In addition, it was surprisingly found that, in a scanning lens arrangement in which the 45 
conditions specified in accordance with the invention are fulfilled, conventional production 
tolerances or other deviations do not have such a large influence on image quattiy as is the case 
with known lens arrangements. 

However, a factor of crucial significance from the point of view of solving the problem of the 

50 invention, and the other excellent properties of the scanning lens arrangements according to the 50 
invention, is that all conditions in accordance with the invention are fulfilled. In particular, it is 
important that the conditions in regard to the ratios of the focal length f 1 of the first lens to the 
overall focal length of the scanning lens arrangement and the focal length f3 of the third lens 
are fulfilled at the same time. If only one of the specified limits is exceeded, it is no longer 

55 possible to maintain the correction condition which distinguishes the scanning lens arrange- 55 
ments according to the invention, or to obtain the comparatively high degree of insensitivity in 
respect of tolerances. 
Further developments of the invention are set forth in the subsidiary claims. 
Claims 3 to 1 3 recite advantageous limitations in respect of the ranges set forth in claims 1 or 

60 2. The good properties of the lens arrangements according to the invention are further enhanced 60 
thereby. 

By selection of the radii in accordance with one of claims 1 4 and the following claims, the 
production costs of the lens arrangements according to the invention are further reduced. 
The invention is described in greater detail hereinafter by means of embodiment, with 
65 reference to the drawing in which: 65 
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Figure 1 shows a sectional view of a scanning lens arrangement according to the invention. 

The scanning arrangement comprises three freestanding lenses 1, 2 and 3. A plane-parallel 
glass plate 4 covers a scanning surface 5, for example a video disc or a 'Compactdisc'. The 
glass plate 4 is advantageously incorporated into correction of the lens arrangement. 
5 The radii of curvature of the individual surfaces of the lens arrangement are denoted by ri 5 
(i = 1 . .8), the lens thicknesses or air gaps are denoted by di, the refractive indexes of the lenses 
are denoted by ni and Abbe number is denoted by vi. 

Tables 1-5 set forth values in respect of those parameters for different embodiments. The 
embodiments are monochromatically corrected for wavelengths from the range of about 750 nm 
10 to about 850 nm. Therefore, the refractive indexes ni are specified for the wavelength of 800 10 
nm. The Abbe numbers which are given only for the sake of completeness, by virtue of the 
monochromatic correction action, apply in respect of the e-line. 

The Tables also include the values of the ratios of the focal length ft of the first lens 1 to the 
overall focal length f of the scanning lens arrangement and the focal length f3 of the third lens, 
1 5 as well as the sums, related to the focal length of the total lens arrangement, of the air gaps d2 1 5 
between the first and second lenses and d4 between the second and third lenses, as well as the 
ratios between those air gaps. 

In Tables 1 to 5, the overall focal length f is standardised in each case at 1 . Scanning lens 
arrangements which are actually produced have a focal length f between about 4 and 1 0 mm, 
20 with an aperture ratio of between 1 :0.85 and 1 : 1 .5, and an image angle of about 0.5-2°. 20 

Tables 1 and 2 set forth various embodiments in which the values in respect of f 1 /f, f 1 /f3, 
(d2 + d4)/f and d2/d4 cover the ranges specified in accordance with the invention. 

Tables 3 and 4 are intended to demonstrate that the conditions specified in accordance with 
the invention actually represent a universal design principle for scanning lens arrangements in 
25 accordance with the classifying portions of claims 1 and 2 respectively. 25 

In Table 3 # the value for the ratio of the focal length f 1 to the overall focal length f of the 
scanning lens arrangement is kept substantially constant at a value of 1 .724. As can be readily 
seen, even if a value is fixed beforehand, it is possible to provide scanning lens arrangements 
with a good correction action, which solve the problem set in accordance with the invention and 
30 which also have the further advantages of the solution according to the invention, wherein the 30 
other values vary within the ranges specified in accordance with this invention. For example, the 
ratio f 1 /f3 goes through the range of from about 1 .3 to 1 .45. 

In Table 4, in addition to the f 1 /f, the values (d2 + d4)/f and d2/d4 are kept substantially 
constant. However, it is possible to provide scanning lens arrangements in which the value in 
35 respect of f1/f3 passes through the entire range according to the invention. 35 

It is therefore evident that the conditions specified in accordance with the invention are a 
genuine design principle which readily permits the average man skilled in the art to design 
scanning lens arrangements with three freestanding lenses in accordance with the classifying 
portion of claims 1 and 2 respectively, in such a way that, with a large intercept length (and 
40 thus a short design length), the lens arrangement provides excellent correction of image defects 40 
and is also insensitive to constructional tolerances. 
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CLAIMS 

1 . A scanning lens arrangement having three freestanding lenses of which the first lens (1 ), 
in the direction of the beam impinging on the scanning surface, is a positive lens, the second (2) 
is a negative meniscus lens which is concave towards the first lens, and third (3) is a positive 
5 lens whose surface which is towards the scanning surface is concave or planar, characterised in 5 
that the ratios of the focal length f 1 of the first lens to the overall focal length f of the lens 
arrangement and the focal length f3 of the third lens lie in a range whose corner points form the 
following pairs of values (f 1 /f; f 1 /f3): 

10 (1.570; 1.270) -(1.870; 1.295) 10 

I I 
(1.725; 1.450) -(1.930; 1.495) 

and that the air gaps d2 between the first and second lenses and d4 between the second and 
1 5 third lenses comply with the following relationships: n : , 15 

0.065< (d2 + d4)/f<0.120 
0.85 < d2/d4 <5.0. 


20 2. A scanning lens arrangement having three freestanding lenses of which the first lens (1), 20 
in the direction of the beam impinging on the scanning surface, is a positive lens, the second (2) 
is a negative meniscus lens which is concave towards the first lens, and the third (3) is a 
positive lens whose surface which is towards the scanning surface is concave or planar, 
characterised in that the ratios of the focal length f 1 of the first lens to the overall focal length f 

25 of the lens arrangement and the focal length f3 of the third lens lie in a range whose corner 25 
points form the following pairs of values (f 1 /f; f 1 /f3): 

(1.550; 1.080) -(1.680; 1.120) 
I I 

30 (1 .580; 1 .200) - (1 .700; 1 .240) 30 


and that the air gaps d2 between the first and second lenses and d4 between the second and 
third lenses comply with the following relationships: 

35 0.065<(d2 + d4)/f<0.120 35 
0.85 < d2/d4 <S5.0. 

3. A scanning lens arrangement according to claim 1 or claim 2 characterised in that the 
condition: 

40 40 
1.180^f3/fe1.390 


is fulfilled. 

4. A scanning lens arrangement .according to claim 1 or claim 2 characterised in that the 
45 condition: 45 

1.24O<f3/fc=1.320 

is fulfilled. 

50 5? A scanning lens arrangement according to claim 1 or claim 2 characterised in that the 50 
condition: 


1.260<f3/f<1.300 


55 is fulfilled. 55 

6. A scanning lens arrangement according to one of claims 1, 3, 4 or 5 characterised in that 
the condition: 

1.280<f1/f3<1.375 

60 60 
is fulfilled. 

7. A scanning lens arrangement according to one of claims 1, 3, 4 or 5 characterised in that 
the condition: 


65 1.295<f1/f3<1.365 


5 
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is fulfilled. 

8. A scanning lens arrangement according to one of claims 1 or 3 to 7 characterised in that 
the condition: 

5 1.680<f1/f<1.820 5 
is fulfilled. 

9. A scanning lens arrangement according to one of claims 1 or 3 to 7 characterised in that 
the condition: 

10 10 

1.710<f1/fc=1.800 

is fulfilled. 

10. A scanning lens arrangement according to one of claims 1 or 3 to 7 characterised in 

1 5 that the condition: t ,, - * ^, 1 5 

1.720<f1/f<1.795 
is fulfilled. 

20 11. A scanning lens arrangement according to one of claims 1 to 1 0 characterised in that 20 
the condition: 

1.5<d2/d4<4.0 

25 is fulfilled. 25 

12. A scanning lens arrangement according to one of claims 1 to 10 characterised in that 
the condition: 

2.0<d2/d4<3.5 

30 30 
is fulfilled. 

13. A scanning lens arrangement according to one of claims 2 to 5 or 1 1 , 12 characterised 
in that the condition: 

35 1.600<f1/f<1.670 35 
is fulfilled. 

14. A scanning lens arrangement according to one of claims 1 to 1 3 characterised in that 
the radii rl -r4 fulfil the condition: 

40 1.2f<|r1|...|r4|<7.0f. 40 

15. A scanning lens arrangement according to one of claims 1 to 1 3 characterised in that 
the radii r1-r4 fulfil the condition: 

1.3f<|r1|...|r4|<5.5f. 

16. A scanning lens arrangement according to one of claims 1 to 13 characterised in that 

45 the radii r1-r4 fulfil the condition: 45 
1.4fcs|r1|...|r4|<4.5f. 

17. A scanning lens arrangement according to one of claims 1 to 16 characterised in that 
the radius r5 fulfills the condition: 

0.6f<r5<0.95f. 

50 18. A scanning lens arrangement according to one of claims 1 to 16 characterised in that 50 
the radius r5 fulfills the condition: 
0.75f<r5<0.88f. 

19. A scanning lens arrangement according to one of claims 1 to 16 characterised in that 
the radius r5 fulfils the condition: 

55 r5 - (0.82 ± 0.025)f. 55 

20. A scanning lens arrangement according to one of claims 1 to 1 9 characterised in that 
the radius r2 fulfills the condition: 

|r2|=>2.8f. 

21 . A scanning fens arrangement according to one of claims 1 to 1 9 characterised in that 

60 the absolute values of the radii of curvature of the two surfaces of the first lens are 60 
approximately equal. 

22. A scanning lens arrangement according to one of claims 1 to 21 characterised in that 
the edge of the first surface (r3) of the second lens (2) bears against the second surface (r2) of 
the first lens (1). 

65 23. A scanning lens arrangement according to one of claims 1 to 22 characterised in that 65 
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the plane-parallel plate (4) is incorporated into the correction. 

24. A scanning lens arrangement according to one of claims 1 to 21 characterised by 
design data ri, di, ni, in accordance with one of embodiments 1-41 . 

25. A scanning lens arrangement according to claim 24 characterised by the values of vi, in 

5 accordance with the corresponding embodiment. 5 
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